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PLANT GROWTH HORMONE REGULATED
TRANSCRIPTION FACTORS AND
PROMOTERS THEREOF

processes that these transcription factors regulate ranges from

the synthesis of secondary metabolites to plant development
(Oppenheimer et al. 1991; Lee and Schiefelbein 1999; Nesi et

al. 2001).
CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to the Apr. 27, 2006
?ling date of US. Provisional Patent Application No. 60/ 745,
786, Which is herein incorporated by reference in its entirety.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

[0007]

Previous gene expression studies on the R2R3 Myb

transcription factor family in Arabidopsis shoWed that the
addition of auxin increases the expression of AtMYB7,

AtMYB9, AtMYB13, AtMYB14, AtMYB30, AtMYB60,
AtMYB77, AtMYB91 and AtMYB93 (KranZ et al. 1998).
KranZ et al. also indicate that AtMYB77 (referred to herein as
AtMyb77) is one of several MYB genes that display a modest

increase in expression under groWth conditions Where nitro
gen is present but sucrose absent.

[0008]

AtMyb77 expression has also been shoWn to be

decreased by potassium (K+) deprivation; under these condi
INCORPORATION OF SEQUENCE LISTING

tions a large decrease in lateral root groWth is measured

[0003] A paper copy of the Sequence Listing and a com
puter readable form of the sequence listing are herein incor

(Armengaud et al. 2004; Shin and Schachtman, 2004).
[0009] US. patent application Ser. No. 10/632,436, incor
porated by reference herein in its entirety, identi?es AtMyb77

porated by reference. This Sequence Listing consists of SEQ
ID NOsz1-43.
FIELD OF THE INVENTION

as one of 7 transcription factors Whose expression is increased

by cold treatment in Table 2 of that patent application.
[0010] European Patent Application No. 050075951 for
“Yield Related Genes” discloses use of 35 transcription fac

[0004] The present invention relates to methods for obtain
ing plants With decreased responses to auxins. The invention
further relates to use of plant transcriptional promoter
sequences that are useful for driving expression of heterolo
gous genes in select plant cells at select times in plant devel
opment. The invention also discloses methods of obtaining
plants With decreased lateral root formation When groWn
under nutrient de?cient conditions.
BACKGROUND TO THE INVENTION

[0005] Auxin is a Well knoWn regulator of plant groWth
(Weijers and Jiirgens 2004) and synthetic auxins have been

tors from Arabidopis including members of the MYB family
as genes involved in sugar sensing that can allegedly be used

to improve plant yield. A SEQ ID NO:7 disclosed in this EU
application appears to be AtMyb77. Table 3 of this patent
application indicates that overexpression of the SEQ ID NO:7

of that application in transgenic plants results in reduced
germination on glucose containing media.
[0011] International
Patent
Application
No.
WO2005047516 for “Plant Transcriptional Regulators” lists
AtMyb77 (internal designator is G207; SEQ ID NO:910 of
that application) in Table 4 along With over 500 other plant
transcription factors as a “polypeptides of the invention”.

and exogenous auxins are useful in that they can provide for

Other tables in the application identify genes from other plant
species that are “paralogs” or “orthologs” to AtMyb77. This
patent application is directed to compositions and methods
that purportedly modify the phenotype of a plant, alleging
that altered carbon/nitro gen balance sensing, improved nitro
gen uptake or assimilation e?iciency, improved groWth or
survival of plants under conditions of nitrogen limitation,

methods of altering plant groWth patterns. For example, con
trolling a plant’s response to endogenous auxin Would permit

increased tolerance to drought or other abiotic stress, and/or
increased tolerance to shade is attained.

control of lateral root groWth, initiation or formation. Alter

[0012] International
Patent
Application
No.
WO2004035798 and US. patent application Ser. No. 10/531,
475 for “Identi?cation Of Novel E2f Target Genes And Use

used as highly effective herbicides (Lym and Moxness 1989),
illustrating that loW concentrations of auxin can promote
plant groWth While higher concentrations of auxin can be
phytotoxic . Auxin is knoWn to play an important role in lateral

root groWth (LopeZ-Bucio et al. 2003; Montiel et al. 2004).
Methods of controlling a plant’s response to both endogenous

natively, controlling a plant’s response to exogenous auxin
can provide for methods of reducing a plant’s sensitivity to
auxin herbicides. Plants that are resistant to auxin herbicides

Thereof’ allegedly discloses methods for altering one or

are useful in agricultural settings Where the resistant crop
plant and susceptible Weeds are both exposed to the auxin

more plant characteristics, including ranging from altered

herbicide. Transgenes that provide for decreased herbicide

or biomass, biochemistry, physiology, architecture, metabo
lism, survival capacity or stress tolerance by modifying

sensitivity also ?nd utility as selectable or scoreable markers

development, altered plant groWth, increased plant yield and/

in plant transformation experiments.

expression of one or more of the 2,755 disclosed genes or

[0006] Myb transcription factors are found in plants and
animals. The R2R3 type of Myb transcription factors are
found only in plants (Petroni et al. 2002). The ?rst Myb

proteins encoded by these genes. Among the 2,755 disclosed
genes, this patent application identi?es At3g50060 (At

transcription factors isolated from plants Were found in maiZe
and Were shoWn to be involved in anthocyanin production.
These Myb transcription factors have been shoWn to interact
With another class of transcription factors to impart combi

natorial control of secondary metabolite production (Cone et
al. 1986). The R2R3 Myb transcription factor family in Ara
bidopsis comprises a large gene family in plants With 125
members (Stracke et al. 2001). The functional diversity of

Myb77) in Table 5 as one of over approximately 600 Arabi
dopsis genes that are 1.3 times (1/ratio) or more repressed in

E2Fa/Dpa overexpressing transgenic plants.
[0013]

International

Patent

Application

No.

WO2002016655 identi?es SEQ ID NO:1-2703 as potentially

useful coding regions for increasing or decreasing the stress
tolerance of plants and SEQ ID NOz2704-5379 as potentially
useful regulatory sequences for controlling expression of
genes. A DNA fragment corresponding to 2,000 nucleotides
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of the sequence immediately 5' to the translation initiation site
of the AtMyb77 gene is disclosed as SEQ ID NOz4367 of that
application. This same sequence is disclosed in International
Patent Application No. WO2003000898 as SEQ ID NO:2609

[0022] This method is useful for reducing the response of a
plant cell or a plant When the auxin is:

of that application. International Patent Application No.
WO2003000898 identi?es SEQ ID NOz2l37-2661 and SEQ

[0024] ii) auxin provided by an external source such as a
herbicidal formulation that is applied to the plant cell or

[0023]

i) produced by a plant cell, a group of plant cells, one

or more cells of a Whole plant, or any combination thereof;

ID NOz4738-68l3 as plant nucleotide sequences that alter

plants by Watering, spraying, atomiZing, broadcasting,

transcription of operatively linked plant genes in a plant cell
after pathogen infection. International Patent Application No.
WO2003000898 also identi?es SEQ ID NOzl-953, SEQ ID
NOzl954-l966, SEQ ID NOz2000-2129, and SEQ ID
NOz2662-4737 as plant protein sequences encoded by genes
that are useful in practicing methods of identifying plant

dusting, foaming, spreading, ultra-loW volume method,
treating soil, treating groWth media or treating seeds;
[0025]

genes involved in plant pathogen resistance or response to

[0026]

plant pathogens.
[0014] A ?rst object of this invention is to provide methods
of obtaining plants With decreased responses to either endog
enous or exogenous auxin, thus conferring useful groWth
characteristics or resistance to auxin-type herbicides. A sec

ond object of this invention is to provide methods for obtain
ing plants With reduced lateral root formation and, more

speci?cally, plants that display reduced lateral root formation
When groWn under nutrient deprived groWth conditions. A
third object of this invention is to provide methods for
expressing sequences of interest in auxin responsive plant
root cells. Plant cells and plants produced by the aforemen
tioned methods of this invention are also provided.

SUMMARY OF THE INVENTION

[0015]

Methods of Obtaining Plants With a Decreased

iii) a naturally occurring auxin or an auxin precursor
such as indoleacetic acid, indolebutyric acid, indole-3
acetyl-myo-inositol ester, esters thereof, and amide amino

acid conjugates thereof; and/or
iii) a synthetic auxin such as 2,4-dichloroacetic acid,

naphthaleneacetic acid, clomeprop, 2,4,5-trichlorophe
noxy acetic acid, 2,4-dichlorophenoxy butyric acid,
dichlorprop, dichlorprop-P, monochlorophenoxy acetic
acid, monochlorophenoxy acetic acid thioethyl,
monochlorophenoxy butyric acid, mecoprop, mecoprop-P,
chloramben, dicamba, 2,3,6-trichlorobenZoate, tricamba,

quinchlorac, quinmerac, clopyralid, ?uoroxypyr, piclo

ram, trichlopyr, benaZolin, chloramben, dicamba, 2-?uor
oindole-3-acetic acid, 4-?uoroindole-3-acetic acid, 6-?u
oroindole-3-acetic acid, 7-?uoroindole-3-acetic acid,
2-bromoindole-3-acetic acid, 4-bromoindole-3-acetic
acid, 6-bromoindole-3-acetic acid, 7-bromoindole-3-ace
tic acid, 2-iodoindole-3-acetic acid, 4-iodoindole-3-acetic
acid, 5-iodoindole-3-acetic acid, 6-iodoindole-3-acetic
acid, 7-iodoindole-3-acetic acid, salts thereof, esters
thereof, and amides thereof.
[0027]

This method is also useful for reducing an auxin

Auxin Response

response such as inhibition of lateral root formation that

[0016]

occurs When su?icient auxin is provided by an external

The instant invention ?rst provides for a method of

obtaining a plant With a decreased response to auxin, com

source.

prising the steps of: (a) introducing an agent capable of reduc

[0028]

ing expression of at least one endogenous MYB77 gene in a

the MYB77 gene can be accomplished by any number of
techniques. For example, MYB77 gene expression can be
assayed by methods such as MYB77 sequence speci?c DNA

plant cell; (b) regenerating a plant from said plant cell of step
(a); and (c) identifying a regenerated plant from step (b)

Identi?cation of plants With reduced expression of

Wherein said agent has reduced expression of said MYB77
gene in said regenerated plant by an amount su?icient to
decrease a response of said regenerated plant to auxin.

binding assays, enzyme-linked MYB77 immunoassays,

[0017]

to detect MYB77 sequences. It is noted herein that reduced

0018

The introduced agent can be any one of:
i a comP ound that effects an insertion, deletion, or

point mutation in an endogenous Myb77 gene;
[0019] ii) ioniZing radiation or ultraviolet light that effects
an insertion, deletion, or point mutation in an endogenous
MYB77 gene;
[0020] iii) a DNA fragment such as a T-DNA or transposon
that is capable of insertion into a plant cell’s genome (the
T-DNA can be introduced into said plant cells With any one

of A grobaclerium Zumefaciens, A grobaclerium rhizo
genes, Rhizobium, and Sinorhizobium);
[0021]

iv) a transgene comprising any one of a fragment of

assays based on MYB77 RNA hybridization and assays

employing reverse-transcriptase polymerase chain reaction
expression of MYB77 can result in decreased expression of
certain RNA sequences or protein sequences that require

MYB77 for expression. For example, expression of auxin
induced gene sequences or proteins, such as those for the

AXRl, IAA19, IAAl, IAA28, SAUR-ACl,ARF7 andAUXl
genes, is shoWn herein to be decreased in plants With reduced

MYB77 expression relative to Wild-type plants upon auxin
exposure. Consequently, plants or plant cells With reduced
expression of MYB77 can be identi?ed by assaying for reduc
tions in expression of genes regulated by the MYB77 gene

(i.e., AXRl, IAA19, IAAl, IAA28, SAUR-ACl, ARF7 and/
or AUXl genes) in auxin exposed plants by methods such as

the MYB77 gene, a sequence for producing a small inter

an enZyme activity as say, a non-enzymatic biochemical activ

fering RNA (siRNA) capable of reducing expression of at

ity assay, an immunoassay, an enzyme-linked immunoassay,

least one endogenous MYB77 gene or a dominant negative

an assay based on detection by RNA hybridization, and an

mutant allele of said MYB77 gene. The dominant negative
form of the MYB77 gene may comprise a translational
fusion of at least one DNA binding domain of the MYB77

assay based on detection by reverse-transcriptase polymerase
chain reaction. In this case, the assay Would be aimed at

gene and a transcriptional repressor domain, such as an

detecting the gene regulated by MYB77.
[0029] Identi?cation of plants With reduced expression of

Engrailed protein transcriptional repressor domain, an

the MYB77 gene may also be con?rmed by assaying a bio

EAR protein transcriptional repressor domain, or an IAA/
AUX domain I transcriptional repressor domain.

logical effect of this reduced expression. For example,
decreased lateral root formation is a biological response that
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US 2008/0196124 A1

occurs in plants after exposure to su?icient concentrations of
exogenous auxin. Plants subjected to these methods can be
assayed for increased lateral root formation relative to control

tional fusion to a beta-glucuronidase coding sequence and a

plants (i.e., plants not subjected to the methods of the inven
tion) after auxin exposure to identify plant or plant cells With
reduced expression of MYB77.

?rmed by any number of techniques. For example, expression

[0030]

This method is found to be useful in a variety of

different types of plants When the expression of the appropri
ate MYB77 gene is reduced in that plant. When the plant cell
is an Arabidopsis Zhaliana plant, the MYB77 gene may
encode a cDNA sequence selected from the group of cDNA
sequences that are essentially identical to SEQ ID N011.

When the plant is a Zea mays plant, the MYB77 gene may
encode a cDNA essentially identical to SEQ ID N012. When
the plant is a Glycine max plant, the MYB77 gene encodes a

cDNA essentially identical to SEQ ID N013. When the plant

polyadenylation region as shoWn in SEQ ID N019.
[0037]

Expression of said sequence of interest can be con

can be assayed by methods such as an enZyme activity assay,
a non-enzymatic biochemical activity assay, an immunoas
say, an enZyme-linked immunoassay, an assay based on
detection by RNA hybridization, and an assay based on detec

tion by reverse-transcriptase polymerase chain reaction. It is
noted herein that expression of the sequence of interest may in
some instances result in an increase in expression of a desired

RNA sequence or protein sequence that is encoded by the
sequence of interest. HoWever, in other instances Where the
sequence of interest encodes a fragment of a gene, an anti
sense sequence of a gene, or a sequence for producing a small

inhibiting RNA directed against an endogenous plant gene,

is a Gossypium hirsulum plant, the MYB77 gene encodes a

expression of the sequence of interest may result in a decrease

cDNA essentially identical to SEQ ID N014. When the plant

in the expression of an endogenous plant gene (i.e., the “tar

is an Oryzae species plant, the MYB77 gene encodes a cDNA

get” of the fragment of a gene, an antisense sequence of a

essentially identical to SEQ ID N015.

gene, or a small inhibiting RNA). In these instances, expres
sion of the sequence of interest can be indirectly assayed by

Methods of Expressing Sequences of Interest in an Auxin
Responsive Plant Root Cell

identifying plants or plant cells With decreased expression of
the endogenous plant gene targeted for decreased expression
by the sequence of interest. The endogenous plant gene’s

[0031] The instant invention also provides a method for
obtaining a transgenic plant expressing a sequence of interest
in an auxin-responsive plant root cell, comprising the steps of:
(a) constructing a DNA molecule comprising a functional
AtMyb77 promoter fragment that is operably linked to said

expression can be assayed by methods such as enZyme activ

ity-based determination assays, biochemical activity-based

step (a) into a plant cell’s genome to obtain a transgenic plant

assays, an enzyme-linked immunoassays, an RNA hybridiza
tion based as says, and reverse-transcriptase polymerase chain
reaction-based assays.
[0038] Expression of the sequence of interest can also be

cell; (c) regenerating a transgenic plant from said transgenic
plant cell of step (b); and (d) con?rming expression of said

When the sequence of interest modulates an auxin response

sequence of interest; (b) integrating said DNA molecule of

sequence of interest in an auxin-responsive plant cell of said

transgenic plant of step (c).
[0032]

In this method the sequence of interest can be any

one of:

[0033] i) a gene encoding a reporter protein such as a beta
glucuronidase protein, a green ?uorescent protein, a beta
galactosidase protein, a luciferase protein derived from a
luc gene, a luciferase protein derived from a lux gene, a

sialidase protein, streptomycin phosphotransferase pro
tein, a nopaline synthase protein, an octopine synthase
protein or a chloramphenicol acetyl transferase protein;
[0034]

ii) a sequence capable of reducing a response to

auxin in a plant root cell such as a sequence comprising an
antisense sequence, a silencing sequence, or a sequence

con?rmed by assaying a biological effect of this expression.
pathWay (i.e., either induces or represses an auxin response),
expression can be con?rmed by analyZing the relevant auxin
response. For example, decreased lateral root formation is a
biological response that occurs in plants after exposure to
suf?cient concentrations of exogenous auxin. Plants sub
jected to these methods can be assayed for increased lateral
root formation relative to control plants (i.e., plants not sub
jected to the methods of the invention) after auxin exposure to
identify plant or plant cells that express the sequence of
interest.
Methods for Obtaining Plants With Decreased Lateral Root
Formation in Potassium De?cient GroWth Conditions
[0039] Decreased lateral root formation is observed in
many plants in response to potassium de?cient groWth con

encoding a small interfering RNA designed to decrease

ditions. Without being limited by theory, it is believed that

expression of a gene encoding a protein such as a TIRl
protein, an AXRl protein, an IAAl9 protein, an IAAl
protein, an IAA28 protein, a SAUR-ACl protein, a PINl
protein, an ARF7 protein and an AUXl protein; or

reduced lateral root formation under conditions of potassium
de?ciency is a desirable groWth characteristic in that it may
more usefully channel or conserve plant photo synthate use by
a plant groWn under these potassium de?cient conditions. It is

[0035]

iii) any other coding sequence, antisense sequence,

understood that a number of different groWth conditions can

silencing sequence or sequence for producing an siRNA

comprise or result in potassium de?cient groWth conditions.

sequence that could confer a useful trait or characteristic

When expressed in an auxin responsive plant cell.
[0036] The functional AtMyb77 promoter fragment used in
this method may comprise SEQ ID N016 or SEQ ID N017.
This AtMyb77 promoter fragment can be operably linked to a
beta-glucuronidase gene Which is operably linked to a poly

adenylation region. The AtMyb77 promoter of SEQ ID N016
can be operably linked as a translational fusion to a beta

glucuronidase coding sequence and a polyadenylation region
as shoWn in SEQ ID N018. Alternatively, the AtMyb77 pro
moter of SEQ ID N017 can be operably linked as a transcrip

For example, the soil or the media that the plants are groWn in

may simply be de?cient in potassium. 0ther groWth condi
tions that can result in potassium de?cient groWth conditions
are conditions that result in decreased potassium availability.
For example, conditions of drought or Water de?cit can result

in potassium de?cient groWth conditions by decreasing
potassium availability (“Potassium Reduces Stress from
Drought, Cool Soils and Compaction” In Better Crops With
Plant Food. Vol. 82 (1998, No. 3)134-36). Without being
limited by theory, reduced lateral root groWth under condi
tions of drought-induced potassium de?cits may lead to

US 2008/0196124 A1
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increased primary root growth, permitting deeper penetration

sequences. It is noted herein that reduced expression of

of the primary root into the soil to obtain moisture. Reduced

MYB77 may in some instances result in a decreased expres
sion of a certain RNA sequence or protein sequences. For

lateral root groWth under conditions of drought-induced
potassium de?cits is thus another desirable growth character
istic achieved by the practice of this invention. Other non
limiting examples of groWth conditions that result in reduced

potassium availability include decreased soil oxygenation
(especially When the soil is saturated With Water), conditions
of loW soil temperature, conditions of potassium strati?cation
near the soil surface, conditions of soil compaction and/or
conditions of “no-till” or “ridge till” cultivation (Rehm, G.,

and Schmitt, M. (1997) Potassium for Crop Production, Uni
versity of Minnesota Extension Service; and “Potassium
Reduces Stress from Drought, Cool Soils and Compaction”
In Better Crops With Plant Food.Vol. 82 (1998, No. 3)134-36).
This invention speci?cally provides for the production of
plants that further decrease lateral root formation under

potassium de?cient groWth conditions relative to plants that
have not been subjected to the methods of this invention. It is

believed that the plants produced by these methods may thus
display desirable agronomic or horticultural traits When
groWn under nutrient de?cient conditions.

[0040] The method for obtaining a plant With decreased
lateral root formation When groWn under potassium de?cient
conditions comprises the steps of: (a) introducing an agent
capable of reducing expression of at least one endogenous
MYB77 gene in a plant cell; (b) regenerating a plant from said

plant cell of step (a); and (c) identifying a regenerated plant
from step (b) Wherein said agent has reduced expression of
said MYB77 gene in said regenerated plant by an amount
suf?cient to result in decreased lateral root formation When

said regenerated plant is groWn under potassium de?cient
conditions.
[0041] The introduced agent used in this method can be any

[0042] i) a compound that effects an insertion, deletion, or
point mutation in an endogenous MYB77 gene;

ii) ioniZing radiation or ultraviolet light that effects

an insertion, deletion, or point mutation in an endogenous
MYB77 gene;
[0044] iii) a DNA fragment such as a T-DNA or transposon
that is capable of insertion into a plant cell’s genome (the
T-DNA can be introduced into said plant cells With any one

of A grobaclerium Zumefaciens, A grobaclerium rhizo
genes, Rhizobium, and Sinorhizobium);
[0045]

SAUR-ACl, ARF7 and AUXl genes, is shoWn herein to be

decreased in plants With reduced MYB77 expression relative
to Wild-type plants upon auxin exposure. Consequently,
plants or plant cells With reduced expression of MYB77 can
be identi?ed by assaying for reductions in expression of genes

regulated by the MYB77 gene (i.e., AXRl, IAAl9, IAAl,
IAA28, SAUR-ACl, ARF7 and/or AUXl genes) in auxin
exposed plants by methods such as enZyme activity-based
determination assays, assays that detect non-enZymatic bio
chemical activities associated With the proteins encoded by

these genes, immunoassays, enZyme-linked immunoassays,
RNA hybridiZation based assays, and reverse-transcriptase
polymerase chain reaction-based assays.
[0047] Identi?cation of plants With reduced expression of
the MYB77 gene may also be con?rmed by assaying a bio

logical effect of this reduced expression. For example, plants
subjected to these methods can be assayed for further
decreases in lateral root formation relative to control plants

(i.e., plants not subjected to the methods of the invention)
When both plants are exposed to potassium de?cient condi
tions to identify plants With reduced expression of the
MYB77 gene.
[0048] This method is found to be useful in a variety of

different types of plants When the expression of the appropri
ate MYB77 gene is reduced in that plant. When the plant is an
Arabidopsis Zhaliana plant, the MYB77 gene may encode a
cDNA sequence selected from the group of cDNA sequences
that are essentially identical to SEQ ID N01 1. When the plant
is a Zea mays plant, the MYB77 gene may encode a cDNA

essentially identical to SEQ ID N012. When the plant is a

one of:

[0043]

example, expression of auxin induced gene sequences or
proteins, such as those for the AXRl, IAAl 9, IAAl, IAA28,

iv) a transgene comprising any one of a fragment of

the MYB77 gene, a sequence for producing a small inter

Glycine max plant, the MYB77 gene encodes a cDNA essen

tially identical to SEQ ID N013. When the plant is a Gos
sypium hirsulum plant, the MYB77 gene encodes a cDNA
essentially identical to SEQ ID N014. When the plant is an
Oryzae species plant, the MYB77 gene encodes a cDNA
essentially identical to SEQ ID N015.

Plant Cells and Plants Produced by the Methods of the Inven
tion

[0049] This invention also provides for a transgenic plant
cell comprising a transcriptionally-competent AtMyb77 pro
moter fragment that is operably linked to a sequence of inter

fering RNA (siRNA) capable of reducing expression of at

est. A transcriptionally-competent AtMyb77 promoter frag

least one endogenous MYB77 gene or a dominant negative

ment is a promoter fragment that can direct expression of an

mutant allele of said MYB77 gene. The dominant negative
allele of the MYB77 gene may comprise a translational
fusion of at least one DNA binding domain of the MYB77

RNA and/or protein of an operably linked sequence of inter
est in an auxin-responsive plant root cell. The sequence of

gene and a transcriptional repressor domain, such as an

Engrailed protein transcriptional repressor domain, an
EAR protein transcriptional repressor domain, or an IAA/
AUX domain I transcriptional repressor domain.

interest can be a reporter gene encoding a protein such as a

beta-glucuronidase protein, a green ?uorescent protein, a
beta-galacto sidase protein, a luciferase protein derived from a
luc gene, a luciferase protein derived from a lux gene, a

Identi?cation of plants With reduced expression of

sialidase protein, streptomycin phosphotransferase protein, a
nopaline synthase protein, an octopine synthase protein and a

the MYB77 gene can be accomplished by any number of
techniques. For example, MYB77 gene expression can be
assayed by methods such as binding assays to speci?c DNA
sequences recogniZed by MYB77, an enZyme-linked immu

tionally-competent AtMyb77 promoter fragment may com
prise SEQ ID N016 or SEQ ID N017. The transcriptionally
competent AtMyb77 promoter fragment may also comprise a

noassays detecting MYB77 protein, RNA hybridization

sequence that is at least 90% identical to SEQ ID N016 or

[0046]

chloramphenicol acetyl transferase protein. The transcrip

assays to detect MYB77 RNA, and assays employing reverse

SEQ ID N017. The plant cell may comprise a functional

transcriptase polymerase chain reaction directed to MYB77

AtMyb77 promoter fragment operably linked to a beta-glu
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curonidase gene Which is operably linked to a polyadenyla
tion region as in SEQ ID NO:8 or SEQ ID N019. Further

under control conditions and With 100 nM IAA and 80 nM 2,

more, the sequence of interest can be a sequence capable of
reducing a response to auxin in a plant root cell. The sequence
capable of reducing a response to auxin in a plant root cell can
be an antisense sequence, a silencing sequence, and a

done and bars With different letters are signi?cantly different

sequence encoding a small interfering RNA.

[0050] The invention also provides for a transgenic plant
cell comprising a transgene that is capable of reducing
expression of at least one endogenous MYB77 gene in said
plant cell by an amount su?icient to reduce a response of said

transgenic plant cell to auxin. This transgene may comprise a
fragment of the MYB77 gene, a sequence for producing a

small interfering RNA (siRNA) capable of reducing expres
sion of at least one endogenous MYB77 gene, or a dominant

negative mutant form allele of said MYB77 gene. The domi
nant negative allele of the MYB77 gene may comprise a
translational fusion of at least one DNA binding domain of

the MYB77 gene and an Engrailed protein transcriptional
repressor domain.

[0051] The invention also provides for a transgenic plant
cell comprising a transgene that is capable of reducing
expression of an endogenous MYB77 gene by an amount
suf?cient to result in decreased lateral root formation in a

plant groWn under potassium de?cient conditions. This trans
gene may comprise a fragment of the MYB77 gene, a small

interfering RNA (siRNA) capable of reducing expression of
at least one endogenous MYB77 gene, or a dominant negative

mutant allele of said MYB77 gene. The dominant negative
allele of the MYB77 gene may comprise a translational
fusion of a DNA binding domain of the MYB77 gene and a
transcriptional repressor domain, such as the Engrailed pro

tein, Aux/IAA protein domain I or EAR protein transcrip
tional repressor domains.
BRIEF DESCRIPTION OF THE DRAWINGS

[0052] FIG.

1. Arabidopsis plants

overexpressing

AtMyb77 (referred to herein as AtMYB77) shoW a phenotype

similar to Wild-type plants groWn With IAA. (A) Wildtype
Col-0 plants and AtMYB77 plants on medium Without addi
tional IAA and Wildtype Col-0 plants on medium containing

4-D (n:l00:SE). Mean comparison (TUKEY HSD) Was

(p<0.05).
[0056]

FIG. 5. Lateral root groWth is further decreased in

the atmyb77 T-DNA insertion line under potassium and phos
phorus deprived conditions and not under nitrogen de?
ciency. (A) Mean number of lateral roots per primary root
(:SE) after 7 days of groWth on LoW salt medium plates
containing full nutrients (+NPK), With loW K+ (10 [1M iK),

With low (10 [1M) phosphorus (iP) and With loW (100 uM)
nitrogen (iN). Promoter AtMyb77::GUS illustrates the
doWn regulation of AtMyb77 in primary roots, lateral roots
and shoots of plants groWn With potassium (B, D, F) and
deprived of potassium (C, E, G). Bar indicates 1 mm for B, C,
D andE and 10mm forF and G.

[0057]

FIG. 6. Northern blots of Arabidopsis Wildtype

Col-0 and T-DNA insertion line atmyb77-l roots groWn in
hydroponic conditions for 7 Weeks and treated With 20 [1M
IAA for 0, 6, 30 and 54 hours. Northern blots Were probed
With 3' probes from auxin regulated and related genes. Ribo
somal RNA loading control shoWn at bottom.

[0058]

FIG. 7. The AtMyb77 protein speci?cally binds to

tWo different Myb binding sequences found in certain auxin
regulated genes shoWn in FIG. 7. (A) AtMyb77 binds to

oligonucleotides containing MRE (AACC) and MYBcore
(CNGTTR) sequences and is out-competed by unlabeled
competitor oligonucleotides 20 times in excess. (B) AtMyb77
does not bind to MRE (AGCC) or MYBcore (CNGTAR)
When one nucleotide in the core sequence is changed nor does

it bind to GCC (GCCGCC) Which is found in ethylene

responsive promoters.
[0059] FIG. 8. The plant shuttle vector pAKKl43l (SEQ
ID NO: 1 6).
[0060] FIG. 9. The plant transformation vector AKKl 472B

(SEQ ID NO:17).
DETAILED DESCRIPTION OF THE INVENTION

De?nitions:

1 [1M IAA. (B) Northernblot analysis ofAtMyb77 expression

[0061]

in Col-0 (l), AtMYB77 (2) atmyb77-l (3) and Col-0 With 20
[1M IAA (4). (C) AtMYB77 lines groWn in soil also groW
poorly and appear stunted compared to Wildtype Col-0.

functionally equivalent to the AtMyb77 gene of Arabidopsis
equivalent to the AtMyb77 gene When they encode an R2R3

[0053] FIG. 2. The intensity and localiZation of the syn
thetic auxin regulated promoter DR5: :GUS expression in

MYB -type DNA binding protein, are expressed in plant roots,
and regulate the transcription of auxin-responsive genes in

“MYB77 gene” refers to a gene in a plant that is

Zhaliana. Plant MYB77 genes are de?ned as functionally

Arabidopsis plants is altered by AtMyb77 expression. (A)
Wildtype Col-0 expressing DR5::GUS. (B) atmyb77-l

the plant roots.

T-DNA insertion line expressing DR5::GUS. (C) AtMYB77
line expressing DR5 ::GUS.
[0054] FIG. 3. Localization of ProAtMyb77: :GUS activity

plant gene or cDNA sequence, “essentially identical” refers

in Wild-type Arabidopsis roots. (A) Primary root tip (B) pri
mary root Zone Where root hairs are present (CiH) progres

sion of lateral root development, (I, J) expression in lateral
roots after addition of 100 nM IAA for 24 hours. Each bar
indicates 1 mm.

[0062]

to any of:
[0063] a) a nucleotide sequence of a gene or cDNA isolated

from another variety, cultivar, or ecotype of the same plant
species that is located at or is expressed from the same

genetic locus (i.e., chromosomal location) and has the
same function as the recited sequence;

[0055] FIG. 4. Reduced AtMyb77 expression reduces lat
eral root groWth sensitivity to exogenous auxin. (A)

[0064]

atmyb77-l T-DNA insertion line and Wild-type Arabidopsis

[0065]

Col-0 groWn on MS plates With no added auxin have the same

number and length of lateral roots. (B) atmyb77-l has more
lateral roots than Wildtype Col-0 With 100 nM IAA and (C) 80
nM 2, 4-D. (D) Mean lateral root numbers per primary root

When used to describe a nucleotide sequence of a

b) a nucleotide sequence that encodes the same pro

tein as the recited sequence; or

c) a nucleotide sequence that encodes a functionally

indistinguishable protein.
[0066] When used herein to describe a protein sequence,
“essentially identical” refers to a protein sequence of a pro

tein that is functionally indistinguishable from the recited
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protein. Functionally indistinguishable proteins are typically

acid residues With similar chemical properties (e. g., acidic or

characterized by the presence of one or more conservative

basic, hydrophobic, hydrophilic, hydrogen bond donor or
acceptor residues). Such substitutions may not change the
functional properties of the molecule. Consequently, the per

amino acid substitutions.
[0067]

When used herein to refer to a mutant form of a gene

or its encoded protein, “dominant negative” refers to a deriva
tive of a protein that blocks the activity of the Wild-type or

naturally occurring protein When the derivative is co-ex

pressed With the Wild type protein.

cent identity of protein sequences can be increased to account
for conservative substitutions.
[0080] “Regenerating a plant” refers to any method of
obtaining a Whole plant from any one of a seed, a plant cell, a

[0068] “Enzyme activity-based determination assays”

group of plant cells, plant callus tissue, or an excised piece of

refer to any assay that permits detection of a protein by
measuring conversion of a substrate to a product by the pro
tein.

a plant.

[0069] As used herein, “biochemical activity-based

Endogenous MYB77 Genes

assays” refer to any assay that permits detection of a protein

by measuring any non-enzymatic biochemical activity asso
ciated With that protein.
[0070] As used herein, “non-enzymatic biochemical activi

[0081] To practice methods of this invention, it is ?rst nec
essary to introduce an agent that is capable of reducing
expression of an endogenous MYB77 gene. This agent can be
a mutagen such as chemical compound, ultraviolet light, ion

ties” are any measurable binding or transport activity associ

iZing radiation, or an insertable DNA sequence such as a

ated With a protein that permit detection of that protein.

Introduction of Agents Capable of Reducing Expression of

T-DNA or transposon. Chemical mutagens useful in the prac

[0071] Non-limiting examples of non-enzymatic bio

tice of this method include ethyl methanesulfonate (EMS),

chemical activities include:

methylmethane sulfonate (MMS), N-ethyl-N-nitrosourea

[0072] i) binding of a protein to DNA, RNA, another pro
tein, the same protein (i.e., as in dimeriZation, trimeriZa

oxy-6-chloro-9[3-(ethyl-2-chloro-ethyl)aminopropylamino]

tion, or oligomeriZation), a lipid, a sugar, a polysaccharide,
or a plant secondary metabolite (i.e., such as a sterol, an
auxin, a cytokinin, ethylene, a carotenoid, a ?avanoid, a
triterpene, or a phenylpropanoid), an active site inhibitor, a
suicide inhibitor or an allosteric inhibitor; and

(ENU), triethylmelamine (TEM), a diepoxyalkane, 2-meth

ii) active or passive transport of any compound or

acridine dihydrochloride (lCR-170), nitrosoguanidine,
N-methyl-N-nitrosourea (MNU), procarbaZine, chloram
bucil, cyclophosphamide, diethyl sulfate, acrylamide mono
mer, melphalan, nitrogen mustard, vincristine, dimethyinito
samine, N-methyl-N'-nitro-Nitrosoguanidine (MNNG), 7, 12
dimethylbenZ(a)anthracene (DMBA), ethylene oxide, hex

ion across a biological membrane or phospholipid bilayer.

amethylphosphoramide-, bisulfan, 2-aminoguanidine, or

[0073]
[0074]

As used herein, “immunoassay” refers to any assay

formaldehyde. The mutagen may also be ultraviolet light or

that permits detection of a protein based on the binding of an

radiation such as gamma radiation or x-rays. Methods of

antibody that speci?cally binds that protein.

treating plants With these mutagens are disclosed in US.

[0075]

DNA or RNA sequence created by aligning tWo or more

Patent Application No. 2004005323 6, incorporated herein by
reference in its entirety.

homologous sequences and deriving a neW sequence that
represents the common amino acid, DNA or RNA sequence.
[0076] “Homolog” refers to a gene related to a second gene

mutagen that can be used as an agent to reduce expression of
an MYB77 gene. T-DNA mutagenesis methods have been

by identity of either the DNA sequences or the encoded
protein sequences. Genes that are homologs can be genes

described for plants such as Arabidopsis (Krysan et al., Plant
Cell, 1999, 1: 2283-2290) and rice (Jeon et al., Plant J. June

separated by the event of speciation (see “ortholog”). Genes

2000;22(6):561-70).

“Consensus sequence” refers to an amino acid,

[0082]

The T-DNA of A grobaclerium is also an insertional

that are homologs may also be genes separated by the event of

[0083]

genetic duplication (see “paralog”). Homologs can be from

(Activator-Disassociation) family and the Enhancer-inhibitor

the same or a different organism and may perform the same
biological function in either the same or a different organism.
[0077] “Orthologs” are tWo or more homologous genes in
different species that evolved from a common ancestral gene

system have been used to effect transposon mutagenesis in
Arabidopsis and maiZe (Speulman et al. Plant Cell, Vol. 11,

by speciation. Orthologs may have the same biological func
tion in different species.
[0078] “Paralogs” are tWo or more homologous genes in the
same species that have diverged from each other as a conse

A variety of transposons such as those in the Ac/Ds

1853-1866, October 1999; Das, L., and Martienssen, R, 1995,
Plant Cell 71287-294). It is similarly anticipated that such
systems could also be used to effect transposon mutagenesis
of endogenous MYB77 genes in various plant species.
[0084] Alternatively, the agent used to reduce expression of

ping or duplicative biological function in a species or may

the endogenous MYB77 gene can be a transgene. A variety of
transgenes can be used to reduce expression of the endog
enous MYB77 gene. For example, transgenes containing

have biologically distinct functions.
[0079] “Percent identity” refers to the number of elements

fragments of an MYB77 gene in either the sense or the anti
sense orientation that are operably linked to a plant promoter

(i.e., amino acids or nucleotides) in a sequence that are iden

can provide for silencing of an endogenous MYB77 gene.

quence of genetic duplication. Paralogs may have overlap

tical Within a de?ned length of tWo optimally aligned DNA,
RNA or protein segments. To calculate the “percent identity”,
the number of identical elements is divided by the total num

Such methods for effecting the silencing of endogenous plant
genes are disclosed in US. Pat. No. 5,231,020, incorporated
herein by reference in its entirety. It is noted that the MYB77

ber of elements in the de?ned length of the aligned segments
and multiplied by 100. When percentage of identity is used in

fragment need not have perfect identity to the endogenous

reference to proteins it is understood that certain amino acid

sion. In this regard, the MYB77 fragment in the trans gene Will
typically have at least 80% sequence identity to the endog
enous MYB77 gene. HoWever, MYB77 transgene fragments

residues may not be identical but are nonetheless conservative

amino acid substitutions that re?ect substitutions of amino

MYB77 gene to effect reductions in MYB77 gene expres

US 2008/0196124 A1
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With 90% or greater percent identity to the endogenous

The hairpin RNA may comprise a 5' sequence of roughly

MYB77 gene are preferred. Although antisense or sense frag

19-24 nucleotides of sense strand target gene sequence fol
loWed by a spacer nucleotide of about 8-10 nucleotides fol
loWed by a sequence of roughly 19-24 nucleotides of anti
sense sequence that is capable of base pairing With the
preceding sense strand sequence. HoWever, it has also been

ments of an MYB77 gene as small as 23 base pairs can be used

in such constructs, MYB 77 sense or antisense fragments of
100 base pairs or more are preferred, and MYB77 sense or
antisense constructs With more than 500 base pairs are most

preferred. However, sense strand fragments used in the
silencing constructs Would be designed such that they are
incapable of producing functional MYB77 protein. This can
be accomplished by any number of strategies such as placing
the sense strand fragment out of frame With any translation

initiation codons in the primary transcript of the MYB77
trans gene, using fragments of the MYB77 trans gene that lack

demonstrated that transgene sequences for producing hairpin

RNA-expressing plant transgenes containing sense/anti
sense arms ranging from 98 to 853 nucleotides can yield

e?icient reductions in endogenous gene expression in a Wide
range ofplant species (Wesley et al., Plant J. 2001, 27(6): 58 1 90). Vectors and methods for effecting ef?cient inhibition of

endogenous plant genes With transgene-mediated expression

key functional domains, and/or incorporating translational

of hairpin RNAs are disclosed inU.S. PatentApplication Nos.

stop codons in the MYB77 sequence. Without being limited
by theory, it is further understood that the mechanism by
Which the transgene fragment may reduce expression of the

20050164394, 20050160490, and 20040231016, each of
Which is incorporated herein by reference in their entirety.

endogenous MYB77 gene can be by any one of a transcrip

tional gene silencing mechanism, a post-transcriptional
silencing mechanism, a mechanism involving small interfer
ing RNA molecule production, and/ or a mechanism involving

[0087] Another type of transgene that can be used to reduce
expression of an endogenous MYB77 gene is a transgene that
encodes a dominant negative allele of the MYB77 protein.
Dominant negative forms of the MYB77 protein may com

prise either N-terminal, internal, or C-terminal truncations of

RNA-directed DNA methylation.
[0085] Alternatively, plant expression vectors or trans
genes designed to produce small interfering RNA (siRNA)

example, the DNA binding domains of MYB77 proteins are
typically Well conserved and easily identi?ed in an MYB77

directed against the MYB77 gene can be introduced into the

protein. For example, the Arabidopsis AtMyb77 protein

plants or plant cells to reduce expression of the endogenous
MYB77 gene. A variety of different transgene sequences for
producing an siRNA are contemplated by this invention. The
trans gene sequence for producing a small interfering RNA
(siRNA) may produce the siRNA either directly or may pro

(SEQ ID NO: 10) contains tWo MYB DNA binding domains
comprising amino acid residues 6-52 and 58-103 respectively

duce an RNA that results in the formation of an siRNA by the

plant host. One non-limiting example of a sequence for pro
ducing an siRNA is described in US. Pat. No. 6,635,805,
incorporated herein by reference in its entirety. US. Pat. No.

the MYB77 that remove certain protein domains. For

of SEQ ID NO:10. Truncations of an MYB77 protein that
retain one or both DNA binding domains of an MYB protein
but remove other portions of the MYB77 protein that interact
With transcription factors may function as dominant negative

forms of MYB77. Without being limited by theory, forms of
MYB77 that contain only a DNA binding domain may block

productive binding of the intact endogenous MYB77 protein

6,635,805 describes methods of silencing endogenous target
plant genes With siRNA producing transgenes. These meth
ods may employ transgenes comprising a promoter operably

negatives”. Alternatively, truncations of a MYB77 protein

linked to DNA Which can be transcribed in a plant cell. This

protein but retain other portions of the MYB77 protein that

RNA transcript in turn comprises an RNA plant virus
sequence that can replicate in the cytoplasm of the plant cell.

negative forms of MYB77. Without being limited by theory,

to the promoters of regulated genes and act as “dominant
that remove one or both DNA binding domains of a MYB

interact With transcription factors may function as dominant

In general, the RNA transcript typically contains just those

forms of MYB77 that do not contain a DNA binding domain

sequences required for its autonomous replication in the cyto
plasm of the host cell. A key feature of the RNA transcript is
the presence of at least one targeting sequence Which causes

may block productive interactions of the intact endogenous
MYB77 protein With other transcription factors.
[0088] A speci?c type of dominant negative MYB77 form

post-transcriptional gene silencing of at least one target gene.
This targeting sequence is foreign to the plant virus sequence,

that can be useful in the practice of this invention comprise a
DNA encoding translational fusion of at least one DNA bind

is 23 nucleotides or longer, and is at least 80% identical to the
target sequence. In the case of this invention, the target

ing domain of the Myb77 gene to an Engrailed protein tran
scriptional repressor domain. As described above, the DNA
binding domains of MYB77 proteins are typically Well con
served and easily identi?ed in an MYB77 protein. For

sequence can be an MYB77 gene or a sequence that is at least

80% identical to the MYB77 gene sequence. In other embodi
ments of this invention, the target sequence can be a TIR1
gene, an AXRl gene, an IAA19 gene, an IAA1 gene, an

IAA28 gene, a SAUR-ACl gene, a PINl gene, anARF7 gene
and an AUXl gene.

[0086]

Other methods of producing siRNA directed against

a target gene are also contemplated by this invention. For
example, a transgene sequence for producing an siRNA may
comprise a promoter that is operatively linked to an intron
encoding sequence and a hairpin RNA derived from a

sequence in the target gene (Miki and Shimamoto, Plant Cell

Physiol. April 2004;45(4):490-495.). Alternatively, a trans
gene sequence for producing an siRNA may comprise an

RNA pol III promoter operably linked to a hairpin RNA (Lu
et al., Nucleic Acids Res. December 2, 2004;32(21):e171.).

example, the Arabidopsis AtMyb77 protein (SEQ ID NO: 10)
contains tWo MYB DNA binding domains comprising amino
acidresidues 6-52 and 58-103 respectively of SEQ ID NO: 10.
One or both MYB77 DNA binding domains or the entire
MYB77 coding sequence can be fused to a DNA sequence

encoding an Engrailed protein transcriptional repression.
Similar experiments With fusions of the engrailed repressor
domain to other plant transcription factors have shoWn that

Engrailed fusions provide for “dominant-negative” trans
genes that phenocopy the effects of loss of function mutations
in those transgenes (Markel et al. Nucleic Acids Research,
2002, Vol. 30, No. 21 4709-4719). The ?rst 298 amino acids
(SEQ ID NO:1 1) encoded by the Engrailed gene or any other

DNA fragment may provide for transcriptional repression
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When fused to the N-terminus or C-terminus of complete or

truncated plant transcription factors that include at least one
DNA binding domain. Such fusions can be effected by in
frame fusions of the DNA fragment encoding the ?rst 298
amino acids of the Engrailed protein to a second DNA frag
ment encoding the N-terminus or C-terminus of complete or
truncated plant transcription factors that include at least one

of a given plant specie that have the highest percent identity or
similarity to the AtMyb77 protein are candidate or potential

MYB77 proteins (and corresponding MYB77 genes) of that

plant species.
[0092] Having identi?ed the MYB77 candidate genes in
various crop plant species, several other criteria can be
applied to con?rm that the candidate MYB77 gene of a given

DNA binding domain.
[0089] Another speci?c type of dominant negative MYB77

crop plant species is functionally equivalent to the AtMyb77

form that can be useful in the practice of this invention com
prises a DNA encoding a translational fusion of at least one
DNA binding domain of the Myb77 gene and an EAR tran

roots can be con?rmed by methods such as assays employing

scriptional repressor domain. As described above, the DNA
binding domains of MYB77 proteins are typically Well con
served and easily identi?ed in an MYB77 protein. For

plant roots or on ?xed and sectioned plant roots (i.e., in situ

example, theArabidopsis AtMyb77 protein (SEQ ID NO: 10)
contains tWo MYB DNA binding domains comprising amino
acidresidues 6-52 and 58-103 respectively of SEQ ID NO: 10.
One or both MYB77 DNA binding domains or the entire
MYB77 coding sequence can be fused to a DNA sequence

encoding an EAR transcriptional repression domain. Similar
experiments With fusions of the EAR repressor domain to

other plant transcription factors including an MYB transcrip
tion factor AtMYB23 have shoWn that EAR fusions provide

for “dominant-negative” transgenes that dominantly repress
expression of the genes they ordinarily regulate (Hiratsu K, et

gene. First, expression of the candidate MYB77 gene in plant

RNA hybridization or reverse-transcriptase polymerase chain
reaction. These assays can be performed either on extracts of

hybridization or PCR-based detection assays). Alternatively,
the promoter of the endogenous MYB77 gene (i.e., a DNA
fragment corresponding to about 2000 base pairs of 5' ?ank
ing sequence and the entire 5' untranslated portion of the
MYB77 gene) can be fused to a reporter gene and assayed. It
is anticipated that the MYB77 gene can be expressed in a

spatial pattern corresponding to the spatial pattern disclosed
here for the endogenous AtMyb77 promoter. The anticipated
spatial pattern of expression can be: i) above and beloW the
emerging lateral root primordia in the cortical cells (FIG. 3C);
ii) in the lateral root above the tip immediately after lateral
root emergence (FIGS. 3D and E); iii) in a discrete region just
behind the tip at later stages of lateral root development (FIG.
3F, G, H); and iv) in the vascular tissue of the developing root
(FIG. 3H). Furthermore, the addition of auxin (i.e., about 100

al., Plant J. 2003;34(5):733-9). The EAR repressor domain
comprising either a 12 amino acid sequence (SEQ ID NO: 12;
Hiratsu K, et al., Plant]. 2003;34(5):733-9) or 24 amino acid

nM of IAA or the equivalent of another naturally occurring or

sequence (SEQ ID NO:13) of the Arabidopsis Ethylene-re
sponsive transcription factor 4 (ERF4; TiWari et al., The Plant
Cell 16:533-543) may provide for transcriptional repression

date MYB77 gene in regions beyond Where the gene is nor
mally expressed in the absence of added auxin, such as into

When fused to either the N-terminus or C-terminus of com

the tip region. Finally, expression of the candidate MYB77

plete or truncated plant transcription factors that include at
least one DNA binding domain. Finally it is further under
stood that any of the domain I transcriptional repressor

deprived conditions (Shin and Schachtman, 2004).

synthetic auxin) may increase in the expression of the candi

gene in roots may decrease upon groWth in potassium

plant’s roots. Such MYB77 genes can be found in plant spe

[0093] Other useful criteria for identifying MYB77 pro
teins (and corresponding genes) as functional equivalents of
the AtMyb77 proteins is the ability of those MYB77 proteins
to regulate the expression of auxin-responsive genes in that
crop plant. The ability of the plant MYB77 protein to speci?
cally bind Myb binding sites present in the promoter regions
of that plant’s cognate IAA19, AUXl, SAUR-AC1, AXR1
and ARF7 genes (i.e., the promoters of the corn, soybean,
cotton, and rice IAA19, AUXl, SAUR-AC1, AXR1 and
ARF7 genes) is indicative of the functional equivalence of
that MYB77 protein to the AtMyb77 protein.
[0094] HoWever, the most critical criteria for con?rming

cies from the genera Fabaceae, Medicago, Trifolium, I/zgna,

equivalence of the candidate MYB77 gene to AtMyb77 are

Daucus, Brassica, Raphanus, Sinapis, Lycopersicon, Capsi

functional criteria. More speci?cally, reduced expression of
the functionally equivalent MYB77 gene in the crop plant
specie is expected to result in:

regions of the Aux/IAA proteins (TiWari et al., ibid) could
also be fused to the MYB77 protein to obtain a dominant
negative form of a MYB77 gene.

[0090]

In the foregoing discussion of methods, it is under

stood that the MYB77 gene refers to a gene in a plant that is

functionally equivalent to the AtMyb77 gene of Arabidopsis
Zhaliana. Plant MYB77 genes that are functionally equivalent
to the AtMyb77 gene in that they encode R2R3 -MYB-type

DNA binding proteins, are expressed in the plant’s roots, and
regulate the transcription of auxin-responsive genes in the

cum, Solanum, Nicoliana, Helianlhus, Bromus, Asparagus,
Panicum, Penniselum, Cucumis, Lolium, Glycine, Trilicum,
Gossypium, Oryza and Zea.
[0091]

MYB77 genes can be identi?ed in plant species

other than Arabidopsis by employing either one or more
methods familiar to those skilled in the art. One method is to

identify such genes by performing analyses to determine the
percent identity or percent similarity of a candidate MYB77

gene encoded protein to either the AtMyb77 protein sequence
(SEQ ID NO:10) or a portion of the AtMyb77 protein
sequence. This portion of the AtMYB77 sequence may com
prise either one or both DNA binding domains (i.e., residues
6-52 and 58-103 respectively of SEQ ID NO: 10) or regions
from residues 104 to 304 of SEQ ID NO:10. The encoded
proteins identi?ed Within the group of sequenced MYB genes

[0095] i) a decreased response to auxin, such as decreased
inhibition of lateral root formation upon auxin exposure

relative to control plants With normal MYB77 expression;
and
[0096] ii) further reductions in lateral root formation upon
potassium or phosphate relative to control plants With nor
mal MYB77 expression. Reduced expression of the
MYB77 gene may also result in reduced expression of the

crop plant’s cognate AXR1, IAA19, IAA1, IAA28, SAUR
AC1, PIN1, ARF7 and/or AUXl genes relative to control
plants upon treatment of roots With auxin. Methods of

reducing expression of endogenous MYB77 plants such as
expression of MYB77 gene fragments or a small interfer
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ing RNA (siRNA) capable of reducing expression of the

tein selection), 2,4-dichlorophenoxyacetic acid (for a 2,4

endogenous MYB77 gene With transgenes have been

dichlorophenoxyacetate monoxygenase protein selection),

described herein. In particular, the use of siRNA methods is
preferred as those skilled in the art are familiar With using
such methods to rapidly assess the function of large num

methotrexate (for a methotrexate insensitive dihydrofolate
reductase protein selection), or aminoethylcysteine (for an

bers of genes in parallel (Wesley et al., Plant I. September
200l;27(6):58l-90). In this regard, it is anticipated that
multiple candidate MYB77 genes from a given crop plant
can be tested in parallel to identify one or more MYB77

genes from that crop plant that are functionally equivalent
to the AtMyb77 gene. Finally, methods of identifying
plants With reduced MYB77 expression such as through
use of DNA binding assays, RNA hybridization based

assays, reverse-transcriptase polymerase chain reaction
based assays, and biological assays for auxin sensitivity or
lateral root groWth have also been described herein.

[0097]

Any of the transgenes used for reducing the expres

sion of an endogenous MYB77 gene can be introduced into
the genome of a host plant via methods such as Agrobacle
rium mediated transformation, Rhizobium mediated transfor

aminoethylcysteine insensitive octopine synthase protein
selection).
[0099]

Transgenic plants can also be obtained by linking a

gene of interest (i.e., in this case a transgene capable of
reducing expression of a MYB77 gene) to a scoreable marker

gene, introducing the linked transgenes into a plant cell by
any one of the methods described above, and regenerating the

transgenic plants from transformed plant cells that test posi
tive for expression of the scoreable marker gene. The score
able marker gene can be a gene encoding a beta-glucu
ronidase protein, a green ?uorescent protein, a beta
galactosidase protein, a luciferase protein derived from a luc
gene, a luciferase protein derived from a lux gene, a sialidase

protein, streptomycin phosphotransferase protein, a nopaline
synthase protein, an octopine synthase protein or a chloram

phenicol acetyl transferase protein.

mation, Sinorhizobium mediated transformation, particle

[0100]

mediated

monocotyledonous plants or dicotyledonous plants is Well
established. In general, such transgenes typically comprise a

transformation,

DNA

transfection,

DNA

electroporation, or “Whiskers”-mediated transformation.
Aforementioned methods of introducing transgenes are Well
knoWn to those skilled in the art and are described in Us.

Patent Application No. 20050289673 (A grobaclerium-medi
ated transformation of corn), U.S. Pat. No. 7,002,058 (Agro
bacZerium-mediated transformation of soybean), U.S. Pat.

No. 6,365,807 (particle mediated transformation of rice), and
Us. Pat. No. 5,004,863 (Agrobaclerium mediated transfor
mation of cotton), each of Which are incorporated herein by
reference in their entirety. Methods of using bacteria such as

The construction of transgenes that are expressed in

promoter that is operably linked to a sequence of interest
Which is operably linked to a polyadenylation or terminator

region. In certain instances, such as in the expression of
transgenes in monocot plants or in the expression of trans
genes expressing siRNAs, it may also be useful to include an
intronic sequence. When an intronic sequence is included it is

typically placed in the 5' untranslated leader region of the

Rhizobium or Sinorhizobium to transform plants is described

transgene. In certain instances, it may also be useful to incor
porate speci?c 5' untranslated sequences in a transgene to
enhance transcript stability or to promote ef?cient translation

in Broothaerts, et al., Nature. 2005,l0;433(7026):629-33.

of the transcript.

[0098] Transgenic plants are typically obtained by linking

[0101]

the gene of interest (i.e., in this case a transgene capable of
reducing expression of a MYB77 gene) to a selectable marker

that a promoter is connected to a sequence of interest such that

gene, introducing the linked transgenes into a plant cell by
any one of the methods described above, and regenerating the

transgenic plant under conditions requiring expression of said
selectable marker gene for plant groWth. The selectable
marker gene can be a gene encoding a neomycin phospho

transferase protein, a phosphinothricin acetyltransferase pro
tein, a glyphosate resistant 5-enol-pyruvylshikimate-3 -phos

phate

synthase

(EPSPS)

protein,

a

hygromycin

phosphotransferase protein, a dihydropteroate synthase pro
tein, a sulfonylurea insensitive acetolactate synthase protein,
an atraZine insensitive Q protein, a nitrilase protein capable of

degrading bromoxynil, a dehalogenase protein capable of
degrading dalapon, a 2,4-dichlorophenoxyacetate monoxy
genase protein, a methotrexate insensitive dihydrofolate
reductase protein, and an aminoethylcysteine insensitive

octopine synthase protein. The corresponding selective
agents used in conjunction With each gene can be: neomycin

(for neomycin phosphotransferase protein selection), phos
phinotricin (for phosphinothricin acetyltransferase protein
selection), glyphosate (for glyphosate resistant 5-enol-pyru
vylshikimate-3-phosphate synthase (EPSPS) protein selec
tion), hygromycin (for hygromycin phosphotransferase pro
tein selection), sulfadiaZine (for a dihydropteroate synthase
protein selection), chlorsulfuron (for a sulfonylurea insensi
tive acetolactate synthase protein selection), atraZine (for an
atraZine insensitive Q protein selection), bromoxinyl (for a
nitrilase protein selection), dalapon (for a dehalogenase pro

As used herein, the term “operably linked” means

the transcription of that sequence of interest is controlled and

regulated by that promoter. When the sequence of interest
encodes a protein and When expression of that protein is
desired, “operably linked” means that the promoter is linked
to the sequence in such a Way that the resulting transcript Will
be e?iciently translated. If the linkage of the promoter to the
coding sequence is a transcriptional fusion and expression of
the encoded protein is desired, the linkage is made so that the
?rst translational initiation codon in the resulting transcript is
the initiation codon of the coding sequence. Alternatively, if
the linkage of the promoter to the coding sequence is a trans
lational fusion and expression of the encoded protein is
desired, the linkage is made so that the ?rst translational
initiation codon contained in the 5' untranslated sequence
associated With the promoter and is linked such that the result

ing translation product is in frame With the translational open
reading frame that encodes the protein desired.
[0102] A variety of promoters can be used in the practice of
this invention. For example, the promoter can be a viral pro
moter such as a CaMV35S or FMV35S promoter. The

CaMV35S and FMV35S promoters are active in a variety of

transformed plant tissues and most plant organs (e.g., callus,
leaf, seed and root). Enhanced or duplicate versions of the
CaMV35S and FMV35S promoters are particularly useful in
the practice of this invention (U.S. Pat. No. 5,378,619, incor
porated herein by reference in its entirety). Other useful nopa

line synthase (NOS) and octopine synthase (OCS) promoters
(Which are carried on tumor-inducing plasmids of A. Zumefa
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ciens), the cauli?ower mosaic virus (CaMV) 19S promoters,
the light-inducible promoter from the small subunit of ribu
lose 1,5-bisphosphate carboxylase (ssRUBlSCO, a very
abundant plant polypeptide), the rice Act1 promoter and the

mutations in genes of interest. For example, US. Patent

FigWort Mosaic Virus (FMV) 35S promoter (see e.g., US.
Pat. No. 5,463,175; incorporated herein by reference in its

plants treated With chemical mutagens. This method, or vari
ants thereof, Would in this case comprise exposing plants or
plant cells With a mutagen; isolating genomic DNA from the

entirety). It is understood that this group of exemplary pro
moters is non-limiting and that one skilled in the art could

employ other promoters that are not explicitly cited here in
the practice of this invention.
[0103] It is also anticipated that root speci?c promoters can

be particularly useful for driving expression of sequences of
interest that are capable of reducing decreasing MYB77 gene
expression since the MYB77 gene is ordinarily expressed in
roots and certain trait alterations taught by this application are
root associated traits. For example, US. Pat. No. 5,837,848,
incorporated herein by reference in its entirety, discloses a

root-speci?c promoter useful for expressing sequences of
interest in the roots of monocot plants. Another potentially
useful root-speci?c promoter shoWn to be active in both
monocot and dicot plants is the PHT1 promoter that ordi

narily regulates a phosphate transporter gene (Koyama et al.,
J Biosci Bioeng. January 2005;99(1):38-42). It is understood
that these exemplary root-speci?c promoters are non-limiting

Application No. 20040053236, incorporated herein by refer
ence in its entirety, describes methods for identifying point
mutations in speci?c endogenous genes in populations of

plants, plant cells or pools thereof; amplifying a segment of
the MYB77 gene to produce a MYB77 ampli?cation product;

denaturing and reannealing the ampli?cation product to pro
duce heteroduplexes betWeen the Wild type and mutageniZed
MYB77 sequence; and identifying a point mutation in the
MYB77 gene segment as compared to the sequence of the
MYB77 gene in the parent organism or cell. A variety of

methods of identifying heteroduplexes such as mismatch

speci?c chemical cleavage, electrophoretic detection (con
stant denaturant capillary electrophoresis (CDCE) or dena

turing high pressure liquid chromatography (dHPLC)), or
mismatch-speci?c enZymatic cleavage can be employed to
identify plants carrying the mutation. Methods for detecting
deletion mutants entailing use of polymerase chain reaction

(PCR) conditions Which favor the replication of truncated
DNA strands over the synthesis of full length strands have
also been described in US. Pat. No. 6,358,690, incorporated

and that one skilled in the art could employ other root speci?c
promoters that are not explicitly cited here in the practice of
this invention.
[0104] An intron may also be included in the DNA expres
sion construct, especially in instances When the sequence of
interest is to be expressed in monocot plants and/or if the
sequence of interest is a hairpin RNA designed for production

With a T-DNA to identify lines that contain insertions of the

herein by reference in its entirety.

[0107] Methods for screening pools of plants mutageniZed
T-DNA in speci?c target genes have also been described

(Young et al., Plant Physiol, 2001, 125: 513-518). In general,
a pool of T-DNA mutageniZed plants can be screened via use

of siRNA. For monocot plant use, introns such as the maiZe

of polymerase chain reaction (PCR) employing DNA probes

hsp70 intron (U .S. Pat. No. 5,424,412; incorporated by ref

speci?c to MYB77 sequences and DNA probes to T-DNA

erence herein in its entirety) or the rice Act1 intron (McElroy

speci?c sequences to identify lines containing T-DNA inser
tions in the MYB77 gene. Pools yielding positive PCR results
can then be deconvoluted by performing additional rounds of
PCR on subset pools and then upon individual plants to iden

et al., 1990, The Plant Cell, Vol. 2, 163-171) can be used.
Dicot plant introns that are useful include introns such as the

CAT-1 intron (CaZZonnelli and Velten, Plant Molecular Biol

ogy Reporter 21: 271-280, September 2003), the PKANNI
BAL intron (Wesley et al., Plant J. September 2001;27(6):
581-90; Collier et al., 2005, Plant J 43: 449-457), the PIV2
intron (Mankin et al. (1997) Plant Mol. Biol. Rep. 15(2):
186-196) and the “Super Ubiquitin” intron (US. Pat. No.
6,596,925, incorporated herein by reference in its entirety;

tify a line With a T-DNA insertion in the MYB77 gene. Detec

Collier et al., 2005, Plant J 43: 449-457) that have been
operably integrated into trans genes. It is understood that this
group of exemplary introns is non-limiting and that one

[0108] Another means of identifying a plant With reduced
expression of an endogenous MYB77 gene is to directly assay
plants subjected to agents that may reduce MYB77 expres

skilled in the art could employ other introns that are not

explicitly cited here in the practice of this invention.
[0105] As noted above, the sequence of interest may also be
operably linked to a 3' non-translated region containing a

polyadenylation signal. This polyadenylation signal provides
for the addition of a polyadenylate sequence to the 3' end of

the RNA. The Agrobaclerium tumor-inducing (Ti) plasmid
nopaline synthase (NOS) gene 3' and the pea ssRUBlSCO E9
gene (Fischhoff et al., 1987) 3' un-translated regions contain

polyadenylate signals and represent non-limiting examples of
such 3' untranslated regions that can be used in the practice of
this invention. It is understood that this group of exemplary
polyadenylation regions is non-limiting and that one skilled
in the art could employ other polyadenylation that are not
explicitly cited here in the practice of this invention.
Identi?cation of Plants With Reduced MYB77 Expression

[0106] A variety of genetic screening schemes have been
described that permit “reverse-genetic” identi?cation of

tion or identi?cation of transposon mutageniZed MYB77
genes can be accomplished by similar PCR based techniques

employing PCR primers speci?c to MYB77 sequences and
transposon-speci?c sequences in screening of pools of

mutageniZed plants.

sion for MYB77 expression. Expression of the endogenous
MYB77 gene can be assessed by methods such as an assay

measuring MYB77 DNA binding activity, an enZyme-linked
immunoassay With antibodies that recogniZe the MYB77 pro
tein, an RNA hybridiZation assay speci?c for MYB77 RNA,
and an assay employing reverse-transcriptase polymerase
chain reaction to detect MYB77 sequences assay. Altema

tively, it is also taught herein that reduced expression of
MYB77 proteins result in reduced expression of certain auxin
responsive genes such as AXR1, lAA19, IAA1, lAA28,
SAUR-AC1, PlN1, ARF7 and/or AUXl in auxin-treated
roots. Consequently one could assay plants subjected to
agents that may reduce MYB77 expression for reduced
expression of any, several or all of these auxin regulated genes
(or their homologs in a crop plant such as corn, soybean, rice
or cotton) to identify plants that may have reduced MYB77
expression. Reduced expression of MYB77 could then be
con?rmed in direct assays of MYB77 expression.

